Survival ofmice treated with sesame seed oil after adrenalectomy was very low and suggested no beneficial effect, whereas treatment with progesterone improved the chances of survival. Treatment with desoxycorticosterone acetate (DOCA) and methyl prednisolone acetate also increased the number of animals surviving after adrenalectomy. The corticosteroids were significantly more effective in ensuring survival than was progesterone. There was no significant difference in survival between mice receiving a single injection of 10 mg DOCA and those being given an injection of 1 \ m=. \ 0mg DOCA per day for 3 days after the operation. To ensure minimum interference of exogenous corticosteroid with the experimental investigation, animals routinely received only a single injection of 1 \ m=. \ 0 mg DOCA after the operation.
INTRODUCTION
There have been a number of reports suggesting that the adrenal glands have an effect on pituitary secretion of gonadotrophins and on the ovarian response to them. Feder, BrownGrant & Corker (1971) and Nequin & Schwartz (1971) have suggested that steroid secretion from the adrenal glands may be important in determining the timing of ovulation by facilitating the onset of the ovulatory surge of luteinizing hormone (LH) from the pituitary gland. Edgren & Peterson (1964) and D'Souza & Rao (1973) have reported that the compensatory ovarian hypertrophy after hemi-ovariectomy is abolished by adrenalectomy, indicating that the adrenals are involved in the response of the ovary to gonadotrophins.
The present experiments were designed to investigate the effect of the removal of the adrenal glands on ovulation and implantation, these being two parameters of reproduction which are controlled by pituitary secretions. Before this could be done it was necessary to investigate the survival of adrenalectomized animals. Reports have suggested that pregnant animals live longer following adrenalectomy than do non-pregnant animals. However, the evidence for an increased survival of animals adrenalectomized during pregnancy is conflicting. Thoman, Sproul, Seeler & Levine (1970) confirmed earlier reports of Firor & Grollman (1933) , McKeown & Spurrell (1940) and Tobin (1941) that survival after adrenalectomy is improved in pregnant animals. However, observations of Carr (1931) contradict these reports and Pfeiffer & Hooker (1940) found that in the mouse 'pseudopreg¬ nancy and pregnancy do not protect against the consequences of adrenalectomy'. The suggestions that pregnancy is beneficial to the survival of adrenalectomized animals and that the hormones of pregnancy are responsible for this beneficial effect have been investigated. The effects of some other compounds on the survival of adrenalectomized animals were also considered.
MATERIALS AND METHODS

Mating procedures
Virgin female mice, 8-10 weeks of age and weighing between 25 and 30 g, were used in all experiments. They were mated with male animals of 10 weeks of age. The animals were maintained at 23-27°C and 55-60% Surgical methods Bilateral or hemi-ovariectomy was performed as described by Emmens (1950) , with the addition that the skin incision site was swabbed with Zephiran (Winthrop Laboratories, Ermington, Australia) before surgery and dusted with Neosporin (Ethnor, North Ryde, Australia) afterwards. The animals also received an injection of 2-25 mg antibiotic (Depomycin, Mycofarm, Delft, The Netherlands) after operation.
Adrenalectomy was performed under tribromoethanol anaesthesia as for ovariectomy, using a single-stage operation with a single dorsal skin incision and a bilateral lumbar incision. The same precautions were taken against infection and during the first week after surgery the mice were maintained at 30°C and given a choice of plain drinking water or 1-75 g glucose/litre 0-9% saline.
Animals to be ovariectomized and adrenalectomized were given both operations together and treated as described for adrenalectomy.
Methods of collection of samples Blastocysts were flushed from the uterus when implantation was not obvious. The uterine horns were removed as one and then cut into separate horns. Each horn was flushed with 0-5 ml 0-9% NaCl and each flushing was examined under a binocular microscope.
Oviducts were flushed for ova by cutting just below the utero-tubal junction and freeing the infundibulum. About 0-2 ml 0-9% NaCl was then injected through the infundibulum and the flushings were examined as above.
Hormones
The hormones used were: progesterone (Sigma, Turramurra, Australia) Experiment 4; effect on survival of adrenalectomy very early in pregnancy Fifty-two mice were adrenalectomized between 04.00 and 06.00 h on day 1 of pregnancy, an equal number of sham-adrenalectomized animals were included. To check whether the time at which the operation was performed affected survival, 52 mice were treated similarly between 04.00 and 06.00 h on day 3 of pregnancy. Surviving mice were killed and autopsied 7 days later. Table 3 shows that the number of mice surviving 7 days after adrenalectomy at 04.00 h on day 1 of pregnancy was significantly lower (P < 001) than the survival in experiment 3 when the operation was performed between 08.00 and 11.00 h on day 1 (25 compared with 48%). The number of mice surviving, when compared with experiment 1, was significantly higher (P<001) than the number of non-pregnant mice surviving after adrenalectomy (25 compared with 4%).
The survival of mice adrenalectomized at 04.00 h on day 3 of pregnancy was similar to that found in experiment 3, when adrenalectomy was performed between 08.00 and 11.00 h (44% survival compared with 48). This indicated that the time at which the operation was performed was not the critical factor for survival but that the stage of pregnancy at which the operation was performed was crucial. Experiment 6: effect ofprolactin on survival in adrenalectomized mice Virgin female mice were adrenalectomized between 09.00 and 11.00 h and injected at 12.00 h with the treatments indicated. Group 1, no treatment; group 2, 01 ml 15% gelatin made up in Tris-NaCl buffer, pH 90, injected daily on days 1-7; group 3,01 ml 15% gelatin vehicle injected twice daily on days 1-7; group 4, 50 µg prolactin in 01 ml 15% gelatin vehicle daily on days 1-7; group 5, 50 µg prolactin in 01 ml 15% gelatin vehicle twice daily on days 1-7.
There were ten mice per treatment group and the procedure was repeated three times more to give a total of 40 mice per treatment group.
An analysis of variance of the data given in Table 5 showed a significant difference (P<001) in survival between the treatment groups. Partitioning of the data using There was no significant difference between the number of adrenalectomized and intact sham-operated mice mating. Table 6 shows the number of blastocysts recovered from female mice that had mated within 4 days of being placed with the male animal either 2 or 4 weeks after surgery. All animals had apparently normal blastocysts in the uteri at autopsy carried out 4 days after mating.
Clearly there was no significant difference in the number of blastocysts recovered from mice mated either 2 or 4 weeks after operation. A large number of animals either adrenalectomized or sham-operated on days 4 and 5 of pregnancy had neither blastocysts nor implantation sites in the uteri at autopsy. Effect of adrenalectomy on survival The survival of untreated, non-pregnant mice was very low after adrenalectomy, the majority of animals dying within 60 h of surgery. Animals which died within 12 h of surgery were not included in the results as they may have died because of operative trauma. Death of animals between 12 and 60 h was probably due to acute adrenal insufficiency, particularly those effects resulting from electrolyte imbalance. Animals which survived the first 60 h after operation generally lived for at least 2-3 weeks. These animals progressively lost weight, their condition degenerated and they eventually died, probably due to chronic effects of adrenal insufficiency causing disturbances of metabolic energy sources. Gaunt and Hays (1938) and Fischer & Engel (1939) have demonstrated in the rat that progesterone in adequate doses can replace cortical hormone and increase the chance of survival after adrenalectomy. The results of the work presented here showed that a significantly greater number of mice survived adrenalectomy if progesterone or cor¬ ticosteroids were administered during the first 60 h after operation. This supports the earlier results of Pfeiffer & Hooker (1940) who demonstrated that progesterone was effective in maintaining life in adrenalectomized mice.
Evidence from Emery & Schwabe (1936) , Schwabe & Emery (1939) , McKeown 8c Spurrell ( 1940) and Tobin ( 1941 ) , suggests that the corpora lutea of pregnancy can play an important part in prolonging the lives of adrenalectomized animals and that progesterone is probably responsible for this beneficial effect. However, although Pfeiffer & Hooker (1940) found that progesterone was effective in maintaining life in adrenalectomized mice, these authors reported that pregnancy and pseudopregnancy were not beneficial to survival. This is contrary to the present results which showed that, after adrenalectomy, there is an improvement in survival when the animals are pregnant. The small number of mice used, experimental design and the type of controls may be the reasons why Pfeiffer & Hooker came to their conclusions. Gidley-Baird (1977) has shown that progesterone levels only start to increase 48 h after mating and reach a peak level on day 4 of pregnancy. The present work has shown a significant increase in survival of adrenalectomized mice coincident with the time of increased progesterone secretion and a sharp rise in survival between days 3 and 4. This supports the suggestion that progesterone may contribute to the increased survival of adrenalectomized mice during pregnancy.
Survival after adrenalectomy and during the first 3 days of pregnancy was higher than that ofuntreated non-pregnant mice. Gidley-Baird (1977) has shown that progesterone levels are low and declining on day 1 of pregnancy and reach a level of less than 1 ng/ml plasma early on day 2. This suggests that progesterone may not be responsible for the higher survival during the first 2 or 3 days of pregnancy but that some other hormones of pregnancy, either of pituitary or ovarian origin, may be responsible. To investigate whether the ovaries were involved in enhancing survival at this time during pregnancy, adrenalectomy and ovariectomy were performed on days 2 and 3. The numbers of mice surviving adrenalectomy and combined adrenalectomy and ovariectomy were similar, indicating that the ovaries contributed little to survival at this time. Murr, Bradford & Geschwind (1974) have shown an increased secretion of prolactin after mating, with levels rising during the first 2 days of pregnancy. This suggests that prolactin might be responsible for increasing the chance of surviving adrenalectomy during early pregnancy. This idea was supported by the results of experiment 6 which showed an increased survival of non-mated adrenalectomized mice after the administration of prolactin. This hormone has been shown to have an osmoregulatory function in some of the lower vertebrates, for example in the teleosts (e.g. Pickford & Phillips, 1959; Handin, Nandi & Bern, 1964) and in salamanders (Ferreri, Mazza & Socino, 1966 ). An osmoregulatory role for prolactin is not excluded even in adult mammals (Beck, Gonda, Hamid, Morgen, Rubenstein & McGarry, 1964; Lockett, 1965 Effect of adrenalectomy on oestrus and ovulation Tobin (1941) reported that adrenalectomized rats had regular oestrous cycles for a week or so after adrenalectomy but that cycles then became irregular and remained so until death. Thoman et al. (1970) reported, also in rats, that the number of animals which mated and ovulated was not affected by adrenalectomy. The conflicting results obtained by Anderson & Turner (1963) who found that rats did not ovulate after adrenalectomy, could be due to the different strains used in the investigations. Ramaley & Bartosik (1975) reported that adrenalectomized rats ovulated later than intact controls in response to pregnant mare serum gonadotrophin. However, Thoman et al. (1970) Nequin & Schwartz (1971) .
Adrenalectomy had no effect on ovarian ovulatory responsiveness. Edgren & Peterson ( 1964) reported that adrenalectomy did not affect the corpora lutea or the number of corpora formed in rats but found, as did D'Souza & Rao (1973) , that adrenalectomy abolishes the ovarian hypertrophy and ovulatory compensation which usually follows hemi-ovariectomy.
The number of corpora lutea formed in adrenalectomized and hemi-ovariectomized rats was found by the above authors to be significantly lower than in intact, hemi-ovariectomized or adrenalectomized rats.
However, we found that ovulation was not affected by adrenalectomy in the mouse, that compensatory ovulation was seen in hemi-ovariectomized mice and that adrenalectomy did not abolish this response.
Survival of adrenalectomized mice was very low and it was necessary to inject mice with a dose of DOCA after operation to provide animals for experimentation. Since the mice received no further injections of DOCA before exposure to male animals it is reasonable to assume that there was no effect of DOCA at the time of mating 2 or 4 weeks later, particularly in the animals receiving only a single injection of DOCA on the day of operation.
There was a significant difference between the number of eggs obtained 24 and 96 h after mating. This difference was probably due to collection techniques as it was seen in both control and experimental groups. The poor recovery of blastocysts at 96 h was probably because the blastocysts were lodged in the crypts and could not be flushed easily from the uterus.
Effect of adrenalectomy on implantation Adrenalectomy was found to have no significant effect on implantation on whichever day it was performed. Although the number of animals which implanted when adrenalectomy was performed on days 4 and 5 appeared to be lower in both adrenalectomized and shamoperated animals this trend was not significant. A large number of these animals with no implantation sites at autopsy did not have blastocysts in the uterus. The most probable explanation for this is that the stress of operation, including the effects of the anaesthetic, had caused loss of the unimplanted blastocysts from the uteri by interfering with the delicate hormone balance required for implantation. Purshottam, Mason & Pincus (1961) have shown that a number of drugs and anaesthetics interfere with neurally regulated pituitary activity, resulting in a block to ovulation or implantation.
